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RxC > 0
∣∣AIC ∩NGC ∩ xFC )
+
(
1−%Ressources(x,C)
)
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[RxC > 0] =
([Mx > GDC + 0, 25] ∩ [0 ≤ T yC ≤ FDC ])
∪ ([T yC + Mx > FDC + GDC + 0, 25] ∩ [FDC ≤ T yC ≤ FDC + TATC ])
∪
(
[2T yC + M
x > 2FDC + GDC + TATC + 0, 25]
∩ [FDC + TATC < T yC ≤ FDC + GDC ]
)
.
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P ([Mx > GDC + 0, 25] ∩ [0 ≤ T yC ≤ FDC ]) = P (Mx > GDC + 0, 25)× P (0 ≤ T yC ≤ FDC)
= (1− FMx (GDC + 0, 25))× FT yC (FDC)
=
FDC
FDC + GDC
(1− FMx (GDC + 0, 25)) .
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[T yC + M
x > FDC + GDC + 0, 25] ∩ [FDC < T yC ≤ FDC + TATC ]
⇔ [V > FDC + GDC + 0, 25] ∩ [FDC < U ≤ FDC + TATC ] .
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 (T yC ,M
x)  [0;FDC + GDC ]× ]0; +∞[
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 {
0 ≤ T yC ≤ FDC + GDC
0 < Mx
⇐⇒
{
0 ≤ U ≤ FDC + GDC
U < V
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 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 (U, V )  {(U, V )   U < V  0 ≤ U ≤ FDC + GDC} .
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f(U,V ) (u, v) = f(T yC ,Mx)
(u, v − u)
= fT yC (u)× fMx (v − u) ,
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P ([V > FDC + GDC + 0, 25] ∩ [0 ≤ U ≤ FDC + TATC ])
=
∫ FDC+TATC
FDC
fT yC (u)
∫ +∞
FDC+GDC+0,25
fMx (v − u) dvdu
=
∫ FDC+TATC
FDC
fT yC (u)
(
1−
∫ FDC+GDC+0,25
0
fMx (v − u) dv
)
du .
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 fT yC (u) =
1[0;FDC+GDC ]
(u)
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P ([V > FDC + GDC + 0, 25] ∩ [0 ≤ U ≤ FDC + TATC ])
= 1
FDC+GDC
∫ FDC+TATC
FDC
(
1−
∫ FDC+GDC+0,25
0
×fMx (v − u) dv
)
du
= 1
FDC+GDC
∫ FDC+TATC
FDC
(1− FMx (FDC + GDC + 0, 25− u)) du .
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P ([T yC + M
x > FDC + GDC + 0, 25] ∩ [0 ≤ T yC ≤ FDC + TATC ])
= 1
FDC+GDC
∫ FDC+TATC
FDC
(1− FMx (FDC + GDC + 0, 25− u)) du
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P ([2T yC + M
x > 2FDC + GDC + TATC + 0, 25] ∩ [FDC + TATC < T yC ≤ FDC + GDC ])
= 1
FDC+GDC
∫ FDC+GDC
FDC+TATC
(1− FMx (2FDC + TATC + GDC + 0, 25− 2u)) du .
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P (RxC > 0)
= P ([Mx > GDC + 0, 25] ∩ [0 ≤ T yC ≤ FDC ])
+P ([T yC + M
x > FDC + GDC + 0, 25] ∩ [FDC ≤ T yC ≤ FDC + TATC ])
+P ([2T yC + M
x > 2FDC + GDC + TATC + 0, 25] ∩ [FDC + TATC < T yC ≤ FDC + GDC ])
= FDC
FDC+GDC
(1− FMx (GDC + 0, 25))
+ 1
FDC+GDC
∫ FDC+TATC
0
(1− FMx (FDC + GDC + 0, 25− u)) du
+ 1
FDC+GDC
∫ FDC+GDC
FDC+TATC
(1− FMx (2FDC + TATC + GDC + 0, 25− 2u)) du .
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OIC ∩NGC =
⋃
x∈S′
(
OIC ∩ (ADMC ∪RDMC) ∩NGC ∩ xFC ∩ xDC
)
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(
ADMC
∣∣NGC ∩ xFC ∩ xDC ) ,
P (xOIC |.) = P
(
xOIC
∣∣ADMC ∩NGC ∩ xFC ∩ xDC ) ,
P (xOIC |..) = P
(
xOIC
∣∣RDMC ∩NGC ∩ xFC ∩ xDC ) .
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(
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× P (MCiC ∩ yFC)
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(1− P (xOIC |...yFC )) .
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∏
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(1− P (xOIC |...yFC ))
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P (OIC |NGC ) ≥
∑
y∈S′
min
1≤i≤k
y∈MCi∩S′
(
1−
∏
x∈MCi
(1− P (xOIC |...yFC ))
)
× P (NGC ∩ yFC) .
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P (OIC ∩NGC) ≤
∑
y∈S′
P (OIC |NGC ∩ yFC )× P (NGC ∩ yFC ∩ yDC)
≤
∑
y∈S′
⎛⎝1− (1− P (yOIC |...yFC ))× ∏
x/∈ENOGO
(1− P (xOIC |...yFC ))
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×P (NGC ∩ yFC)
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y∈S′
⎛⎝1− (1− P (yOIC |...yFC ))× ∏
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(1− P (xOIC |...yFC ))
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×P (NGC |yFC )P (yFC |yDC )P (yDC)
.
"GFK$
&
 
 : 	 	

 NGC      %

 
   

   ) C   	
 	 
  &	


    /
 	

OIC ∩NGC =
⋃
x∈S′
xOIC ∩NGC ∩ (xFC ∩ xDC)⋃
x∈S
xOIC ∩NGC ∩ xDC
=
⋃
x∈S′
xOIC ∩NGC ∩ (xFC ∩ xDC)⋃
x∈S
⋃
y∈S′
y =x
xOIC ∩NGC ∩ xDC ∩ yFC ∩ yDC .
  
   
 

 	

 #
    /
  #

	
 7
P (OIC ∩NGC) ≤
∑
x∈S′
P (xOIC |...xFC )P (NGC |xFC ∩ xDC )P (xFC |xDC )P (xDC)
+
∑
x∈S
∑
y∈S′
y =x
P (xOIC |...yFC )P
(
NGC ∩ xDC ∩ yFC ∩ yDC
) .
"GHO$
 LH
@ &	  	   	
  		

	
>	  * /
  	

 OIC ∩ NGC   !!  *

   !! 
 
  
   

  
?
  

 

 
 	
 7
P (OIC ∩NGC) ≥ max
x∈S
⎛⎜⎝ P (xOIC |...xFC )P (NGC |xFC ∩ xDC )P (xFC |xDC )P (xDC)+∑
y∈S′
y =x
P (xOIC |...yFC )P
(
NGC ∩ xDC ∩ yFC ∩ yDC
) ⎞⎟⎠ .
"GH $
%	   	
  ;    :;;
> 	 	  !
  	

 OIC ∩ NGC   / 	 
 %

 

   	

 .
 

 
 :     %

 
 
 x   
   /
 
 
 y 

	
  
  	

 	
 7
OIC ∩NGC =
⋃
x∈S
xOIC ∩NGC ∩
(
(xFC ∩ xDC) ∪ xDC
)
.
' 
 	
 
    	

 NGC  
 :  	 %

  
 ,9.   /
 
 
 ? 
  ) 
 
. 
 
 	

 NGC  
 !

  	
 	
 7
OIC ∩NGC =
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P
(
OI1C
)
= P
(⋃
x∈S′
xOIC ∩NGC ∩ (xFC ∩ xDC)
)
=
∑
x∈S′
P (xOIC ∩NGC ∩ (xFC ∩ xDC))
=
∑
x∈S′
P (xOIC |NGC ∩ xFC ∩ xDC )P (NGC |xFC ∩ xDC )P (xFC |xDC )P (xDC)
=
∑
x∈S′
P (xOIC |...xFC )P (NGC |xFC ∩ xDC )P (xFC |xDC )P (xDC) .
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P
(
OI2C
)
= P
⎛⎜⎜⎝⋃
x∈S
xOIC ∩ xDC ∩
⎛⎜⎜⎝⋃
y∈S′
y =x
NGC ∩ yFC ∩ yDC
⎞⎟⎟⎠
⎞⎟⎟⎠
=
∑
y∈S′
P
⎛⎜⎝⋃
x∈S
x =y
xOIC ∩ xDC ∩NGC ∩ yFC ∩ yDC
⎞⎟⎠
≤
∑
y∈S′
∑
x∈S
x =y
P (xOIC |...yFC )P
(
xDC ∩NGC ∩ yFC ∩ yDC
)
.
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P
(
OI2C
) ≈ ∑
y∈S′
∑
x∈S
x =y
P (xOIC |...yFC )P
(
xDC
)⎛⎜⎜⎝1− k∏
i=1
⎛⎜⎜⎝1− ∏
z∈MCi
z =x,z =y
P
(
zDC
)⎞⎟⎟⎠×  y∈MCi
⎞⎟⎟⎠ .
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(
OI1C
)
+ P
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)
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UB (NGC) =
∑
x∈S′
UB (NGC |xFC ∩ xDC )P (xFC |xDC )UB (xDC) "GHH$
LB (NGC) =
∑
x∈S′
LB (NGC |xFC ∩ xDC )P (xFC |xDC )LB (xDC) "GHI$
AP (NGC) =
∑
x∈S′
AP (NGC |xFC ∩ xDC )P (xFC |xDC )AP (xDC) "GHL$
UB (ADMC) =
∑
x∈S′
P (ADMC |.) (1− LB (NGC |xFC ∩ xDC ))P (xFC |xDC )UB (xDC)
"GHM$
LB (ADMC) =
∑
x∈S′
P (ADMC |.) (1− UB (NGC |xFC ∩ xDC ))P (xFC |xDC )LB (xDC)
"GHJ$
AP (ADMC) =
∑
x∈S′
P (ADMC |.) (1−AP (NGC |xFC ∩ xDC ))P (xFC |xDC )AP (xDC)
"GHG$
UB (RDMC) =
∑
x∈S′
(1− P (ADMC |.)) (1− LB (NGC |xFC ∩ xDC ))P (xFC |xDC )UB (xDC)
"GHK$
LB (RDMC) =
∑
x∈S′
(1− P (ADMC |.)) (1− UB (NGC |xFC ∩ xDC ))P (xFC |xDC )LB (xDC)
"GIO$
AP (RDMC) =
∑
x∈S′
(1− P (ADMC |.)) (1− AP (NGC |xFC ∩ xDC ))P (xFC |xDC )AP (xDC)
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UB (NGC |xFC ∩ xDC ) =
k∑
i=1
∏
y∈MCi
y =x
UB
(
yDC
)
LB (xDC)
 x∈MCi "GIF$
LB (NGC |xFC ∩ xDC ) = 1−
p∑
j=1
∏
y∈MP j
UB (yDC) x/∈MP j "GIH$
AP (NGC |xFC ∩ xDC ) = 1−
k∏
i=1
⎛⎜⎜⎝1− ∏
y∈MCi
y =x
AP
(
yDC
)⎞⎟⎟⎠ x∈MCi "GII$
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UB
(
xDC+1
)
= P
(
xIC
)×
⎛⎜⎜⎝
UB
(
xDC
)− LB (NGC ∩ xDC)
+P
(
ADMC
∣∣NGC ∩ xFC ∩ xDC )
× (1− LB (NGC |xFC ∩ xDC ))
×P (xFC |xDC )UB (xDC)
⎞⎟⎟⎠ , "GIL$
LB
(
xDC+1
)
= P
(
xIC
)×
⎛⎜⎜⎝
LB
(
xDC
)− UB (NGC ∩ xDC)
+P
(
ADMC
∣∣NGC ∩ xFC ∩ xDC )
× (1− UB (NGC |xFC ∩ xDC ))
×P (xFC |xDC )LB (xDC)
⎞⎟⎟⎠ , "GIM$
AP
(
xDC+1
)
= P
(
xIC
)×
⎛⎜⎜⎝
AP
(
xDC
)−AP (NGC ∩ xDC)
+P
(
ADMC
∣∣NGC ∩ xFC ∩ xDC )
× (1−AP (NGC |xFC ∩ xDC ))
×P (xFC |xDC )AP (xDC)
⎞⎟⎟⎠ . "GIJ$
 LJ
@- )/
 
	0     	 
	
.   

  
 x 
  ! x /∈ S ′   
 "G F$
	
  !
 	
 7
UB
(
xDC+1
)
= P
(
xIC
)×( UB (xDC)− LB (NGC ∩ xDC)
+P (xFC |xDC )UB (xDC)
)
"GIG$
LB
(
xDC+1
)
= P
(
xIC
)×( LB (xDC)− UB (NGC ∩ xDC)
+P (xFC |xDC )LB (xDC)
)
"GIK$
AP
(
xDC+1
)
= P
(
xIC
)× ( AP (xDC)−AP (NGC ∩ xDC)
+P (xFC |xDC )AP (xDC)
)
"GLO$
	
UB
(
NGC ∩ xDC
)
= UB
(
xDC
)⎛⎜⎜⎝∑
y∈S′
y =x
P (yFC |yDC )
⎛⎝ k∑
i=1
∏
z∈MCi
z =x,z =y
UB
(
zDC
)
LB (yDC)
 y∈MCi
⎞⎠
⎞⎟⎟⎠
"GL $
LB
(
NGC ∩ xDC
)
=
∑
y∈S′
y =x
P (yFC |yDC )LB (yDC)LB
(
xDC
)
"GLF$
−
∑
y∈S′
y =x
p∑
j=1
x,y/∈MP j
P (yFC |yDC )
min
(
UB (yDC)
( ∏
z∈MP j
UB (zDC)
)
, UB
(
xDC
))
AP
(
NGC ∩ xDC
)
= AP
(
xDC
)⎛⎜⎜⎝∑
y∈S′
y =x
P (yFC |yDC )AP (yDC)
⎛⎜⎜⎝1− k∏
i=1
⎛⎜⎜⎝1− ∏
z∈MCi
z =x,z =y
AP
(
zDC
)⎞⎟⎟⎠×  y∈MCi
⎞⎟⎟⎠
⎞⎟⎟⎠
"GLH$
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 LB
(
xDC
)
= 1 − UB (xDC) 9 * 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    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(
xDC
)
= 1− AP (xDC)
9
   W OIYRisk = AirYInterruption  / 	  !! 
%

  	  
 ) & !
  
  !! 


 LG
@- )/
 
	0     	 
	
 	 
 !
    "GFF$   
 	
 7
UB (AIC) =
∑
x∈S′
P (0 ≤ AxC ≤ FLC |NGC ∩ xFC )UB (NGC |xFC ∩ xDC )P (xFC |xDC )UB (xDC) ,
"GLI$
LB (AIC) =
∑
x∈S′
P (0 ≤ AxC ≤ FLC |NGC ∩ xFC )LB (NGC |xFC ∩ xDC )P (xFC |xDC )LB (xDC) ,
"GLL$
AP (AIC) =
∑
x∈S′
P (0 ≤ AxC ≤ FLC |NGC ∩ xFC )AP (NGC |xFC ∩ xDC )P (xFC |xDC )AP (xDC) .
"GLM$
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 P (0 ≤ AxC ≤ FLC |NGC ∩ xFC )   x ∈ S ′ 
   
%


  
 
  
 ) C . 
 	    
 !!   
 "G $  "GI$
& 
  !
  
  !! : 
 !
 



 	

 
 

 

    ) C OIC 	
 
 

 <:@:
Z    "GFJ$  !
  
   !! : 



 <:@:
 
 7
UB
(
OIC ∩NGC
)
=
∑
x∈S′
[
P (xOIC |.)P (ADMC |x.)
+P (xOIC |..) (1− P (ADMC |x.))
]
× (1− LB (NGC |xFC ∩ xDC ))P (xFC ∩ xDC)UB (xDC)
"GLJ$
LB
(
OIC ∩NGC
)
=
∑
x∈S′
[
P (xOIC |.)P (ADMC |x.)
+P (xOIC |..) (1− P (ADMC |x.))
]
× (1− UB (NGC |xFC ∩ xDC ))P (xFC ∩ xDC)LB (xDC)
"GLG$
AP
(
OIC ∩NGC
)
=
∑
x∈S′
[
P (xOIC |.)P (ADMC |x.)
+P (xOIC |..) (1− P (ADMC |x.))
]
× (1− AP (NGC |xFC ∩ xDC ))P (xFC ∩ xDC)AP (xDC)
.
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P (xOIC |.)P (ADMC |x.) + P (xOIC |..) (1− P (ADMC |x.))
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N (1− LB (NGC |xFC ∩ xDC ))P (xFC ∩ xDC)UB (xDC)*
N (1− UB (NGC |xFC ∩ xDC ))P (xFC ∩ xDC)LB (xDC)*
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UB (OIC ∩NGC) = P (OIC |NGC )UB (NGC) "GMO$
LB (OIC ∩NGC) = P (OIC |NGC )LB (NGC) "GM $
AP (OIC ∩NGC) = P (OIC |NGC )AP (NGC) . "GMF$
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UB (OIC ∩NGC)
= min
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
∑
y∈S′
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x/∈NOGO
(1− P (xOIC |...yFC ))
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x∈S
∑
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P (xOIC |...yFC )UB
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)
⎤⎥⎥⎥⎦
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LB (OIC ∩NGC)
= max
⎛⎜⎜⎜⎜⎜⎜⎝
∑
y∈S′
min 1≤i≤k
y∈MCi
(
1−
∏
x∈MCi
(1− P (xOIC |...yFC ))
)
LB (NGC ∩ yFC) ,
max
x∈S
⎛⎜⎝ P (xOIC |...xFC )UB (NGC |xFC ∩ xDC )P (xFC |xDC )UB (xDC)+∑
y∈S′
y =x
P (xOIC |...yFC )UB
(
NGC ∩ xDC ∩ yFC ∩ yDC
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AP (OIC ∩NGC)
=
⎛⎜⎜⎜⎜⎜⎜⎝
∑
x∈S′
P (xOIC |...xFC )AP (NGC |xFC ∩ xDC )P (xFC |xDC )AP (xDC)
∑
y∈S′
∑
x∈S
x =y
P (xOIC |...yFC )AP
(
xDC
)⎛⎜⎜⎝1− k∏
i=1
⎛⎜⎜⎝1− ∏
z∈MCi
z =x,z =y
AP
(
zDC
)⎞⎟⎟⎠×  y∈MCi
⎞⎟⎟⎠
⎞⎟⎟⎟⎟⎟⎟⎠ .
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TmGminC1 − AyC  AyC ∈
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0, TmGminC1
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0  AyC ∈
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TmGminC1 ;TmG
max
C1
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TmGminC2 − AyC  AyC ∈
]
TmGmaxC1 ;TmG
min
C2
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0  AyC ∈
[
TmGminC2 ;TmG
max
C2
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FDC + TATC −AyC  AyC ∈
]
TmGmaxC2 ;FDC + TATC
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(
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z∈S
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))
+ P
(
yDC ∩
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z∈S
zFC−1
))
≤ (N (C) + 1)P
(
yDC ∩
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z∈S
zFC−1
))
≤ (N (C) + 1)
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z∈S
P (yDC ∩ zFC−1)
≤ (N (C) + 1)M (C)P (yDC ∣∣xDC )∑
z∈S
P (zFC−1)
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[RxC > 0] =
([Mx > GDC + 0, 25] ∩ [FLC < T yC ≤ FDC ])
∪ ([T yC + Mx > FDC + GDC + 0, 25] ∩ [FDC ≤ T yC ≤ FDC + TATC ])
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[2T yC + M
x > 2FDC + GDC + TATC + 0, 25]
∩ [FDC + TATC < T yC ≤ FDC + GDC ]
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[RxC > 0] =
(
[Mx > GDC + 0, 25] ∩
[
FDC−1 + TATC−1 < T
y
C−1 ≤ FDC−1 + GDC−1
])
∪ ([Mx > GDC + 0, 25] ∩ [0 ≤ T yC ≤ FDC ])
∪ ([T yC + Mx > FDC + GDC + 0, 25] ∩ [FDC ≤ T yC ≤ FDC + TATC ])
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(1− FMx (FDC + GDC + 0, 25− u)) du
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0, 5  T yC−1 ∈ ]FDC−1 + TATC−1;FDC−1 + GDC−1]
  T yC ∈ [0; 0, 5]
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[RxC > 0] =
([Mx > GDC + 0, 25] ∩ [FLC < T yC ≤ FDC ])
∪ ([T yC + Mx > GDC + 0, 25] ∩ [FDC ≤ T yC ≤ FDC + TATC ]) .
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P (RxC > 0)
= P ([Mx > GDC + 0, 25] ∩ [FLC ≤ T yC ≤ FDC ])
+P ([T yC + M
x > FDC + GDC + 0, 25] ∩ [FDC ≤ T yC ≤ FDC + TATC ])
= FDC−FLC
FDC+GDC
(1− FMx (GDC + 0, 25))
+ 1
FDC+GDC
∫ FDC+TATC
FDC
(1− FMx (FDC + GDC + 0, 25− u)) du
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d∑
i=1
g∑
j=1
P (OIC |[DC+1 = i] ∩ [GC = j] )
×P (DC+1 = i |GC = j )× P (GC = j)
=
d∑
i=1
g∑
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F2,1 = P (GC = (1, 0) |DC = (1, 1))
= P (yFC |yDC )
F3,1 = P (GC = (0, 1) |DC = (1, 1))
= P (xFC |xDC )
F3,1 = P (GC = (1, 0) |DC = (1, 1))
= 1− P (xFC |xDC )− P (yFC |yDC )
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M1,2 = P (DC+1 = (1, 1) |GC = (1, 0))
= P
(
RDMC
∣∣NGC ∩ yFC ∩ yDC )
M2,2 = P (DC+1 = (1, 0m) |GC = (1, 0))
= P
(
ADMC
∣∣NGC ∩ yFC ∩ yDC )
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p1 = P (xFC |xDC )
p2 = P (yFC |yDC )
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(1, 1) (1, 0m) (0m, 1)
(1, 1) 1− p1 − p2 0 0
(1, 0) p2 0 0
(0,1) p1 0 0
(1, 0m) 0 1− p1 0
(0m, 1) 0 0 1− p2
(0m, 0) 0 0 p2
(0, 0m) 0 p1 0
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Cap1 = P
(
ADMC
∣∣NGC ∩ xFC ∩ xDC )
Cap2 = P
(
ADMC
∣∣NGC ∩ yFC ∩ yDC )
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(1, 1) (1, 0) (0, 1) (1, 0m) (0m, 1) (0m, 0) (0, 0m)
(1, 1) 1 1− Cap2 1− Cap1 0 0 1 1
(1, 0m) 0 Cap2 0 1 0 0 0
(0m, 1) 0 0 Cap1 0 1 0 0
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P (NGC) = P (GC = (0m, 0)) + P (GC = (0, 0m))
P (ADMC) = P (DC+1 = (1, 0m) |GC = (1, 0))× P (GC = (1, 0))
+P (DC+1 = (0m, 1) |GC = (0, 1))× P (GC = (0, 1))
P (RDMC) = P (DC+1 = (1, 1) |GC = (1, 0))× P (GC = (1, 0))
+P (DC+1 = (1, 1) |GC = (0, 1))× P (GC = (0, 1))
  	 (	 
"E 	
 		 Q( 	(*  
 	 ((	    M  	 (	 
"E 	  ( 
 	  
(  		4+
& RHGS 
 
 

 
   ! & %

       

 
 

  	 
    

 
 	 ) %

 
  

   
 )
       (	  
)    RFIS
  )  

 (  
 RIMS   
 	
  %
  
 )  
   
!  ! 
)  
! 
 	 
 
 8/   
 0%

  *   	0  
 /
  
  
 


9
  

 
 
 
  O   GL 
 
 
 
      
  
   

 	
  (	     
  0! 
 	
FIG
5 
.	  	  
	
 	 8
9
  

 
 

        5 &
 !
     

 
   
A 
	    
  
%   A  	
 

 
 	  
 

 
    
 



 > 
' 
    ) 
 !
 
   
 
	
   
 	
  
  
!    



 	 ' 
 

 	
 
  !
    



 

    
*   
Z   . >F    	
 >  	  

 FOOH 

	   
 )

  KI  	 ",1$  
 #

)

  
	
 JL ,1 &. >L !     
"8>8$ )
     L  9   
 	     

 
  	 
  
 %
.
 

 
 
 
 
 
 	
 % 
 	


 
 
  

 	
 7
[ N = 52
[ FD1 = 0 TAT1 = 1, 15 TX1 = 1/6
[ FLC = 1, 44 DEC = 0, 5 TXC = 1/6 TATC = 1, 15 W FDC = 1, 94 
GDC ≈ 1, 31  2 ≤ C ≤ N 
  		  
5	
   
    M 
 !
    )
  
 >!  /
  ) 7
&  5 /



 
 

 #  F  H &>9
FIK
 

 <:@:  
 / 
 	

 
 
 
 F  H 	  	

   /
 
  %
 5
 &. >L /
 
   	 ":1$T,1 !	 
	
 1, 6
!    	  "8+-$   5 7
.
 

 . >I  
  5 	 
 8+-   FO O
,1  . >L   	
  ) >  	 	 
  :1T,1
 1, 6  !!  

    
 )  	  1, 94
 
 8>8  1, 15         O 
 

   3, 127× 10−4
.   	
  &  
  
6   

  %
     	 
  
 OIYRisk = GroundYInterruption
# 9
  
   /
  
 
  ,9. 7
5 
 	
  ) >  	  
   /
 
 
 5  6 
   W 	
    

 .



  
  
 )  	 C 	 2 ≤ C ≤ N    
  

   
 
  
A 
  	  
  !
    
 	
     
9
  
 )  	 C 	 2 ≤ C ≤ N   
  
 
[0; 2, 42]∪ [2, 75; 3, 08]
    

  Z   #
 

   
)

   )
  


 	   

 7
 8   5 
 
 
 /  	
  
 ^
 


 	
	 
 	
 &  
 
!  KK]   
    )
9  
 /    
   
    
    
 
!
- &
	  0
 

   	    	
".&$  
      
   O # 

 	
 5  
 
  
)    0
 
  



 6  
 
 
 '  !    


 
  8>8 
 


 
  
 /


>	     
 !         
0

     BA2  AP2 
 

     
;	  
  	
'   	
 >  	  

 FOOH 
  
 
 
   K 	
 " F  . > $  K  : 
   
  %

!    5 & 
  	 
  !
FLO
	
 7
8) : - >


 

  

  	
<! :      O    O
 @  [ -
  

 

  )    5

 

 FOOH
.
 

 . >F  
 

  

 	
  
 "    $   

 
  10−3  
 OOOO  "8:$ 
 7
OIYrate DY Yrate CNYrate AIYrate
OGHJ OJJH OOMH O
 @F [ -
   

 

    5

 

 FOOH
FL 
TITLE: Modeling and evaluation of aircraft availability performances in 
operational context at preliminary design stage 
 
ABSTRACT: 
This thesis deals with the modelling and computation of in-service aircraft 
availability at the preliminary design stage. This problem is crucial for designers 
because it enables them to evaluate availability indicators in order to improve systems 
under design and to optimize aircraft support. We formalize the dynamic process of 
technical incidents and their effects on corrective maintenance in airline’s aircraft 
operations. In the context of a mission defined by a sequence of flight cycles, 
standard reliability methods are not computationally conceivable with respect to 
industrial timing constraints. Based on analytic developments, we introduce a 
methodology that provides an efficient algorithm for computing bounds for 
availability indicators. Finally, we show the usefulness of our approach on use-cases 
inspired by real-world aircraft systems. 
 
Keywords: Aircraft availability, fault trees, reliability modelling, repairable systems, 
corrective maintenance. 
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RESUME : 
Ce rapport de thèse traite de la modélisation et de l'évaluation de la disponibilité d'un 
avion en phase de conception. Ce problème est crucial pour les concepteurs 
aéronautiques car il leur permet d'évaluer des indicateurs de disponibilité afin d’améliorer 
la conception des systèmes et d’optimiser le soutien de l'avion. Nous avons formalisé le 
processus dynamique des incidents techniques et leurs effets sur la maintenance 
corrective lors de l'exploitation de l'avion par une compagnie aérienne. Dans le contexte 
d'une mission, définie par une séquence de cycles de vol, les méthodes classiques de 
fiabilité des systèmes ne sont pas utilisables en respectant les contraintes industrielles de 
temps de calcul. Basée sur des développements analytiques, nous introduisons une 
méthodologie qui fournit un algorithme efficace de calcul des bornes des indicateurs de 
disponibilité. Finalement, nous montrons l'utilité de notre approche par des 
expérimentations inspirées de cas réels de systèmes d’un avion. 
 
Mots-clés : Disponibilité d’un avion, arbre de défaillances, modélisation de la fiabilité, 
système réparable, maintenance corrective. 
 
DISCIPLINE ADMNISTRATIVE : Génie Mécanique 
 
ECOLE DOCTORALE : MEGEP 
 
U.F.R de rattachement :  UFR de Physique - Chimie - Automatique  
118, Route de Narbonne, 31062 Cedex 4, FRANCE 
 
Unité de recherche :  Laboratoire de Génie Mécanique de Toulouse (LGMT) 
Institut Mathématique de Toulouse (IMT) 
